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fore storage layout is begun: 
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Steel containers are used for storing liquids in a pro- 

cess plant Alshough many such vessels are found 
within the corifines of a process unit, most vessels and 
tanks are located in areas commonly referred to as off 


sites or tank farms. The two most important factors 


governing these layouts are safety and economics. Any 
comprehensive design must consider local codes and 
regulations, client specifications, topography, adjacent 
process units, and neighboring commercial or resi- 
dential property as well as maintenance, operation, 
and constructibility. This chapter discusses the most 
common types of storage vessels, plot plan arrange- 
ments, safety considerations, spill containment, pump- 
ing, and general piping layout. mM 
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CODES ‘AND REGULATIONS | po iau 


The T layout designed. pec review codes and 
regulations of the National Fire Protection Association, 


the Occupational ae and Health Act, and local juris- . 


dictions. Y 
National Fire — ' 
Association Codes | 


- La 


The latest issue of the following National Fire Piotec- 
tion Association (NFPA) codes should be reviewed be- 


us 
* NFPA 11—Low-expansion foam and combined 
agent systems. -- 


code. 

NFPA 58—Storage and bandes of liquefied petro- 
leum gas. 

NEPA 59A— Production, storage, and handling of liq- 
uefied natural gas. | 

NEPA 321—Basic classification of flammable snd 
combustible liquids. 


e 


NFPA 30—Flammable and combustible liquids | 
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Process Liquid 
Storage Tanks 


All NFPA codes are recommended as a basis for 
legal regulations. They are intended to reduce poten- - 
tial hazards to public safety, but compliance does not 
eliminate such hazards as those that occur when flam- 
mable and combustible liquids are stored in process 
facilities. 


The Occupational Safety 

and Health Act 

The main considerations in the layout of storage facili- 
ties that fall under Occupational Safety and Health Act 


(OSHA) regulations are personnel, access ladders, and 
stairways and catwalks. 


Local Codes and Regulations 


All documents concerning local codes and regulations k 
should be reviewed before any off-site layout is begun. _ 


TERMINOLOGY 


The terminology used in text and illustrations is de- — 
fined in the following sections. 


Atmospherictank Thisisa | tank that operates at pres- | 
sure levels ranging from atmospheric pressure to 0.5 - 


psi. 


Barrel A barrel is a standard unit of liquid volume in 


the petroleum industry that is 42 US gallons at 60° F. 


Bullet ‘This term describes a high-pressure horizon- 
tal storage vessel shaped like a bullet. 

Cone-roof tank This is a low-pressure storage tank 
that has a fixed, cone-shaped roof. 


Dike A dike is a barrier designed to contain liquid 
spills within a given area for safety reasons. 
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Distribution system This comprises equipment, pip- 
ing mains, and services that carry and one! gas sup- 
plies. E 

Diversion channel A diversion channel directs dan- 
gerous product spills away from primary diked areas 
to remote holding ponds. 


Diversion dike This is a barrier designed to divert 
spills from other storage tanks; it uses natural terrain 
to direct liquids to a sump area. 


Double-wall storage tank A double-wall storage tank 
has an inner wall to contain a liquid, an annulus space 
usually filled with insulation, and an outer wall for 
spill containment. 


Fixed roof This is a/ low-pressure tank with a roof 


that is welded to the shell regardless of roof design or 
method of support. l 


Flame arrester In the event of lightning or another . 


source of vapor ignition, 2 flame arrester in the vent 


line of a storage tank prevents flames from flashing to. 


the vapor inside the tank. |} 


Flame snuffer This is a device in a tank vent line that 
can be operated manually to snuff out a flame at the 
open end of the vent. 


Floating-roof tank A floating-roof tank is designed'to 
conserve vapor loss and minimize fire hazard. 


Foam This is a solution with a density lower than that 
of oil and water. It is used to form a blanket over 
dangerous vapors and therebv reduce the risk of ex- 
plosion. 

Foot valve This valve is found at the bottom of a riser 
in a tank, where a submersible pump can be housed. 
During regular operation, the weight of the pump 
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keeps the foot valve open. When the pump is re- 
moved, the spring-operated foot valve closes the riser 


pipe. 


Heaters These are heat exchangers used inside large 
storage tanks. They heat viscous materials using steam, 
hot water, or other heating fluids. 


Hortonsphere This spherical vessel is used to store 
liquids and gases at high pressure. 


Intermediate holding tank This tank is used for tem- 
porarily storing a liquid until it reaches a specified 
state, at which time it is pumped downstream in a 
process. ` 


Remiote impounding basin Used for temporary stor- 
age of ‘potentially dangerous liquids, a remote im- 
pounding basin is a containment area located away 
from a process or off-site facility. 


Sediment This sludge accumulates in tanks and pip- 
ing. It consists of dirt, wax, and mill scale and must be 
disposed of periodically. 


Sleeper Sleepers are steel or concrete Supports usu- - 
' ally located within 18 in (450 mm) of grade for piping 


systems commonly found in off sites. 


Sump This is the low point within an area used to 
collect liguids for removal. i 


Tank farm A location with many storage tanks is of- 
ten called a tank farm. 


TYPES OF TANKS 


$ 


~ Storage tanks come in many shapes and sizes, accord- 


ing to'the type of product to be stored, its potential for 
fire, and the amount to be held. This section discusses 


. 
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EXHIBIT 15-3 Low-Temperature Storage Tank 


the most common types of vessels found in most pro- 
cess facilities. ` i E A A 


^ 


i + 


Cone-Roof Tank | 


This low-pressure tank (see Exhibit 15-1) is used for . 
countless products, including petroleum, chemicals, . 


petrochemicals, food products, and water. Another 


low-pressure storage vessel is the flat-roof tank. 


Floating-Roof Tank d 


The roof of this tank (see Exhibit 15-2) rises and 
lowers with the stored contents, thereby reducing va- 


por loss and minimizing fire hazard. It is commonly ` 
found in oil refineries. RE 


Low-Temperature Storage Tank 


* This tank (see Exhibit 15-3) stores liquefied gases at 


their boiling point. Products found in such tanks in- 
clude ammonia (—28? F), propane (—43.7? F), and 
methane (—258? F). but 

i 


Horizontal Pressure Tank (Bullet) 


Bullet tanks (see Exhibit 15-4) are usually shop-fabri- 
cated vessels used to store products under high pres- 
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ire. The heads of these vessels are either elliptical or 
emispherical, the latter being used when higher 
ressures are required. | | 
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lortonsphere Pressure Tank - | 


his tank (see Exhibit 15-5) is used to store large 
uantities of liguids and gases under pressure. Limited 
»ad access to a plant site mav make it more advanta- 
2ous to erect a Hortonsphere in the.field to store 
roducts under pressure. E 


PILL CONTAINMENT . 


ecause of the real risk of failure of storage tanks and 
rimary piping systems, means must be provided to 
ontain the resulting spills. Containment may be a sec- 
nd tank wall around the vessel holding the liguid or a 
ontinuous dike designed to hold all of the liguid 
tored in the largest tank. Dikes may be constructed of 
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earth, steel, concrete, or solid masonry. They may be 
square, rectangular, circular, or irregular in shape, 
conforming to the natural terrain around them. Dikes 
may hold one or many tanks. NFPA 30 should be con- 
sulted for matters that concern the diking of flamma- 
ble and combustible liquids. 

One common design is to make the dike out of 


- earth, as shown in Exhibit 15-6. Dike heights typically 


range from 3 ft to 6 ft (0.900 m to 1.800 m) above 
interior grade. The width of the dike at the top should 
be a minimum of 2 ft (0.600 m) unless it is designed to 
accommodate vehicular traffic. The dike slope must be 
consistent with the angle of repose of the material; 


. otherwise, industry dike slopes are usually 1.5:1 (i.e., 


for every foot of dike height, the toe of the dike is 1.5 ft 
from its top edge). 
Another dike design commonly found in restricted 


= or tight areas is the concrete wall, shown in Exhibit 


15-7. Thé location of storage tanks often must be 
within the battery limits of a process unit, and earthen 
dikes are not practical for this application. - 

Should it be necessary to store liquefied gas close 


to a population center, double containment (see Ex-- 


hibit 15-8) should be considered. This containment 


. method uses a circular concrete wall surrounded by a 


conventional earthen dike. It provides for complete 
spill containment should the primary dike fail. 

Another method of containment for use with tall 
concrete dikes is shown in Exhibit 15-9. Adding an 
earthen berm on either side of the concrete wall al- 
lows the thickness of the concrete wall to be reduced: 

Tanks are often located in sloped or hillv areas, 
where square or rectangular dikes would be impracti- 
cal. The designer should consider using the natural 
terrain for a group of tahks, as shown in Exhibit 15-10. 
In addition, roadways and pumping facilities must be 
located to suit the terrain. 

Exhibit 15-11 showsihow natural terrain is used to 


‘direct spills from spheres of highly volatile liquid to 


flow to'a single sump. This is done by installing a 
diversion dike between the spheres to reduce the risk 


e 
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EXHIBIT 15-8 . 
Double Containment 
A . Diking Method 


EXHIBIT 15-9 
Earthen and Concrete 
Combination Dike 
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EXHIBIT 15-10 
Natural Terrain Diking 


XHIBIT 15-11 Natural Terrain Diking with Tanks Containing Highly Volatile Liquids _ 
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Plant Topography 
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of a fire spreading from one sphere to the other. As a ing facilitv. Therefore, extreme safety measures are 
result of the natural terrain, the spill is directed to its _ ~- employed, as shown in Exhibit 15-15. The inner tank is 
safest point within the dike. heavilv insulated from the outer concrete containment 
When the overall plot plan for a process facility is and is buried in an earthen containment. 

developed, off-site storage should be set at a lower Developing a layout for buried storage tanks in an 
-- elevation than the process unit whenever possible. existing chemical plant often poses special problems. 
This approach (see Exhibit 15-12) provides an addi- It mav inot be possible or practical to move existing 
tional margin of safety in the event of a major rupture. underground obstructions in the area in which the 
Containment of potentially dangerous liquefied tank must be located. One solution to this problem is 
natural gas spills is a significant concern to any operat- to burv the tank above grade in a concrete contain- 
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went, as shown in Exhibit'15-14. Pumps, maintenance 
ccess, and all appurtenances must be installed in the 
dof of the tank. 
Spills that pose a high risk to adjacent facilities must 
e diverted to a remote holding area. One method 
buld be to erect a concrete diversion ċanal (see Ex- 


ibit 15-15). Drain valves that are located outside the’ 
iked area usually would be closed but would be: 
ened in the event of a critical spill. Sump drain lines, 


ischarge into the concrete diversion. canal and flow 
3wnwstd n to a holding basin. k 


IKE Es 


nn must be given to providing vehicular 
id personnel access into diked areas. A typical ar- 
ngement is shown in Exhibit 15-16. The mainte- 
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EXHIBIT 15-14 
Tank Buried Above 
Grade 


nance vehicle ramp should have a maximum grade of 
15%. It should be located on the side opposite the 
pump area. Personnel access should be by stairways 
designed according to OSHA standards. A single stair- 
way docated at the pump area provides access to a 
catwalk located on top of the dike. Two other stairways 
provide service access to the dikes, as shown in Ex- 
hibit 15-16. 

When a layout of a tank farm must be developed at 
an existing facility, unmovable Objects or structures 
may obstruct the dike area. Exhibit 15-17 shows how a 
dike may be designed to accommodate obstructions. 
Such designs are routine, but the spacing between the 
outside shell of the tank and the obstruction must 
meet NFPA or other governing regulations. 

. When initially trying to establish a tank farm layout, 
the designer should consult NFPA codes and local 
codes and regulations. Rules for spacing between 
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EXHIBIT 15-15 | 
Concrete Diversion Canal 


EXHIBIT 15-16 
Vehicular and Personnel 
Access 


XHIBIT 15-17 Building Dikes Around Obstructions 
— [o 


anks and all adjacent facilities usually can-be found in 
he latest issue of the Industrial Risk Insurers "General 
recommendation for Spacing” pamphlet. 


inswer to this lavout problem. Each plant site; is 
inigue, with different products, tank capacities, fire- 
;xrevention requirements, terrain, and adjacent com- 
nercial or residential property. i 

“After the diking arrangement has been established, 
here are a few additional factors to plan for. The 
zrade sloping awav from the tanks to a sump must be 
determined; minor spills and rainwater may have to 
5e pumped from the sump to a treating pond. Dike 
heights must also be established on the basis of inven- 
cories and available real estate. 
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SIZING TANKS AND DIKES 


Development of optimum sizes for tanks and dikes 


. comes through trial and error. Considerations include 


the availability of real estate, the possible use of stan- 
dard-sized tanks for smaller capacities, and the nature 
of potential foundation design problems caused by 


- early tank-size selections. The designer should refer to 


API 12F for standardized shop-fabricated tank sizes. 


:- Larger field-fabricated storage tanks must be sized to 


suit each site. 

As an example. of how to develop tank height and 
dike size, a 150,000-barrel (42 gallons per barrel), 150- 
foot-diameter tank is used. The first step is to convert 


~~ the tank volume into cubic feet, as follows: 


150,000 x 42 
LT = 842245 fé of liqui 
i? se 842,245 ft? of liquid 
Tank height is calculated according to the following 
.. equation: — aces de 
— ER aD 
where: i 
b — height 


D — diameter 


The NEPA will indicate what the designer should < . ^. V = volume (im cubic feet) E 
:onsider when grouping several tanks within a single : 
like or whether the tanks should be individually : 
liked because of large capacities. There is no simple | 


Therefore: 

_ 4 X 842,245 

~ (34417X150?) 

= 47.66 ft or 48 ft high 


The volume of the tank berm is calculated as fol- 
lows, using the data shown in Exhibit 15-18: 


b 


Î 


Th, 
MNE RO 3 
where: i 
r — top of berm radius (78 ft) 

R — bottom of berm radius (79.5 ft) 
b = berm height (1 foot) 


* 


MD 
EXHIBIT 15-1$&... Tank Berm Volume 


eo à | 7 i MG | n į + z= 
v= SAP ge + + 6201 + 6320) ^ — 
= 1047 X 18,605" ` a 


=19, 479 fé of soil in the — 


Casdlaion of the volume required i in the diked 
area is as follows: ` 


842,245 fô of stored liquid po A 


— 19,479 f? of berm soil ` E a 
822,766 f? dike area required 
The chart in Exhibit 15-19 is used to find the dimen- 


‘sions of a square dike. For-example, for a dike height 


of 6 ft, the designer first finds the 6-foot dike data line 
that corresponds to 822,766 f? and then reads directly 


this example, a 380-square-foot dike would contain 
the liquid. K is the volume of liquid held within a dike 


--that is constructed to a 1.5: 1 slope. 


The exhibit may also be used to calculate the di- 
mensions of a rectangular dike. First, the designer lo- 
cates the point on the vertical axis for the known 
length of one side of the rectangle—for example, 450 


left to the vertical axis to find the dike dimensions. In | 


| sues. 
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ft. Next, the designer reads to the right until the de- 
sired capacity (822,766 f?) is found and then reads 
down vertically until the 6-foot dike data line is 
reached. Finally, the designer reads left to the vertical 
axis of the chart to find the missing dimension of the 
rectangle, 320 ft in this example. 

Dikes containing multiple tanks are sized to hold 
the capacity of the largest tank. For the dimensions of 
dikes containing more than one tank, it is necessary 
not only to subtract the volume of each tank from the 
dike's capacity but to subtract the volume of the soil in 
each berm. 


TANK DETAILS 


Afer primary liquid-transfer line connections have. 


been located, roof access ladders (or stairways) and -> ~ 
-side shell and roof maintenance access connections - 


should be located. Exhibit 15-20 addresses. these rd 


_ If tank heaters are employed, cr maintenance - 
equipment should be located in the most convenient. 


area. Tank maintenance includes such activities as in- 7 


ternal inspection, cleaning, and repairs to internals, z 


roof supports, and level instruments. Seting entrances T 
- to stairway or ladder areas at grade is the most conve- - 
nient choice for operations personnel. It should be =- 


noted that stairways are not recommended for tanks - 
whose diameters are less than 15 ft 6 in (4.7 m). 

For safety, handrails should be added along the 
tank roof edge on both sides of the ladder or stairway. 


- Level instruments with internal floats are usually lo- 


cated in this area, as are roof maintenance access 
openings, which are convenient for inspections, re- 
pairs, and cleaning of instruments. 

Two ;types of tank-shell maintenance access open- 
ing are shown in Exhibit 15-21. The standard, round 
opening is a minimum of 18 in (0.460 m) in diameter. 
The larger, oval-shaped, flat-bouom opening is more 
commonly used on large tanks or those that use inter- 
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EXHIBIT 15-19 Dike Volumes and Heights 
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EXHIBIT 15-22 
Valve Access Catwalks 


J 


$e EXHIBIT 15-23 
Tank Mixers 


EE — 
———— 
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ial heaters. The layout designer must keep the area ation must be given to the elevation of all valve hand- 
mmediatelv around access openings free of such ob- wheels in relation to the catwalk. Adding extension 
tructions as large pipe supports, piping, and light stems to smaller valves, will facilitate opening or clos- 
Oles. ing such valves. 1 

Valve access catwalks can be seen in Exhibit 15-22. | i 
t is of utmost importance to give operations person- Tank mixers A tank mixer, shown in Exhibit 15-23, is 
iel adequate access to primary tank valves. Consider- another auxiliary piece of equipment found in tanks 
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EXHIBIT 15-24 ‘Typical Tank Heaters ` 
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with highly viscous fluids. Adequate area must tbe pro- 


vided for removal of tank r mixers. JE 


Tank heaters Tank heaters come in various sizes and - 


shapes, as shown in Exhibit 15-24. Sufficient unob- 
structed space must be provided outside access sus 
ings to permit removal of heaters. 
Floating-roof tank access , Access to floating-roof 
tanks is shown in Exhibit 15-25. The straight stairway 
on the left of the diagram can be used for tanks of all 
-diameters. Each stairway must have a landing outside 
the tank wall that allows adequate space for the stair- 
way, provided by the tank vendor, down to the floating 
roof. 

For storage areas with many small or medium-sized 


NOT RECOMMENDED —— 
Fok TANKS LESS 
THAN B'S" IN 


(AMETER 
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tanks, consideration should be given to designing in- 


terconnecting catwalks for operator convenience. The ` | 


limiting factor is catwalk length, as shown in Exhibit 
15-26. OSHA prohibits exceeding 150 ft (45.7 m) when 
onlv two means of egress are planned. Additional 
length can be accommodated bv adding ladders or 
Stairwavs. 

Because of the need to avoid imposing heavv loads 
on the external tank or containment walls of most low- 
temperature tanks, consideration should be given to 
using acgess towers (see Exhibit 15-27). The rectangu- 
lar tower on the left of the diagram supports all piping 
and a conventional stairwav; the circular tower on the 
right carries all piping inside with a spiral stairway on 
the outside. Both provide access to the operations 
platform at the top of the tank. Economics and client 
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HIBIT 15-26 Interconnecting Catwalks 
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‘ference usually dictate design selection. | 
Another approach to accessing tank roofs is shown 
zxhibit 15-28. In this design, the interior dike eleva- : 

1 is lower than the outside grade, and all tank con: _. 
tions are on the roof. Therefore, consideration 
uld be given to adding a catwalk over the dike 
allel to the piping. Plant personnel use a stairway | 
the dike's outside wall to reach the catwalk, which < 
inects to a ladder to the Operations platform on top - 
he tank. 


NK SUPPORTS 


ir common tank support designs are shown in 
ubits 15-29 through 15-32. The civil engineer is 
ponsible for determining the most cost-effective 
sign, on the basis of available data about soil condi- 
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tions. Layout designers should understand the funda- 
mental nature of each design to optimize piping, stair- 
way, and ladder locations without creating. problems 


| for construction or plant personnel. 


A Concrete ring wall is shown in Exhibit 15-29. The 
tank is supported by Class I compacted structural fill as 
well as a ring wall that is 12 in (0.300 m) thick. 

Compacted granular fill support is shown in Exhibit 
15-30. The top of the tank berm is 3 ft (0.900 m) wide, 
slightly sloped away from the tank wall, and coated 
with asphaltic ¢ concrete for weather protection. 

A-low-temperature tank foundation design is shown 
in Exhibit 15-31. This particular design emplovs a con- 
crete slab supported by columns, providing an air 
space under the slab. This air space helps raise the 
temperature of the slab during a failure in the primary 
tank. 

A more conventional low-temperature tank founda- 
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EXHIBIT 15-28 
Elevated Pipe Way 
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ion is shown in Exhibit 15- 32. This design has an 
^mbedded heating element for use during possiblv 
lamaging spills. Consultation with civil engineers be- 
ore any tank lavout is undertaken is necessary to ef- 
ectivelv use each design. 

To establish the optimum location for pumps, con- 
sideration must be given to potential hazards and to 
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EXHIBIT 15-31 
Low-Temperature 

Tank Foundation with 
Elevated Concrete Base 


12/300 


client preference. Exhibit 15-33 shows the pump lo- 
cated in the earthen ,diked area, surrounded bv a 
curbed wall that is 15 to 18 in (0.380 to 0.460 m) high. 
This design protects; ithe pump from minor spills 


' within the dike and enables the discharge piping to 


exit the dike over the wall, therebv eliminating the 
need for dike-penetration seals. Piping outside che 
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EXHIBIT 15-32 
Low-Temperature 


— PRIMA 
A = AITAINES Tank Foundation with 
== 3 o i)R Embedded Heating 
= = + = = Element 
E IE | 
ATIN En == == 
ELEMENT EN =  — —— — == 
” V7 A Wy x 
EXHIBIT 15-33 


m di | z- -p/o -de CURR 


d tall — E 


En M 
c5 3 PILI rr AE AP A n UI 


SH 


Pumps Inside Diked Area 


SF 


‘dike may run on a pipe rack or sleepers. 

Pumps located outside the dike aré shown in Ex- 
hibit 15-34. Tank outlet piping can either penetrate the 
dike or pass over; as shown in this exhibit. The latter 
approach would usually be considered if the maxi- 
mum dike height were 6 ft (1.83 m) and if the mini- 

di --mum liquid level in the tank would not cause damag- 
ing cavitation in the pump. The designer must 
carefully examine each lavout before emploving this 
design. The location of an elevated pipe rack or 
sleeper relative to the pumps should account for plant 


EXHIBIT 15-34 
Pumps Outside Diked 
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maintenance philosophy. Sleepers : permit unob- 
structed pump access when located between the 


. pump and the dike wall. Pumps located under pipe 


racks support discharge piping but limit access to 
pumps ‘during maintenance. Prime consideration 
should be given to providing an ample maintenance 
area around and above pumps. 

Locating pumps inside-a concrete diked wall is 
common in manv process plants. The approach shown 
in Exhibit 15-35 shows the pump block set at the same 
elevation as the dike. With this configuration, the 
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- pump would not be submersed during a spill inside 
the dike. This configuration enables a close-coupled 
piping arrangement. Providing for differential settle- 

. ment allows the discharge line to be run to the pipe 
rack over the dike wall. This approach should be ap- 
proved by the client. 

An alternative arrangement in routing product lines 
to pumps from very large tanks is shown in Exhibit 15+ 
36. With the pumps located outside the earthen dike, 
the transfer piping is routed underground after allow- 
ances are made for differential settlement. This ap- 
proach reduces potential damage to suction lines 
when extremely large inventories are involved. 

Lines penetrating concrete dike walls may be se- 
cured against leakage by using commonly available 

` seals. The design shown in Exhibit 15-37 permits mi- 
nor axial movement. The seal shown in Exhibit 15-38 
is used when an insulated line runs through a larger 
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pipe sleeve that must be sealed on the inside of the . 
dike. This design permits minor line movement: A. 
stress or support engineer should be consulted when: 


the designer is planning its application. 

ne 
Differential settlement This concern must be ad- 
dressed early in the layout of any process unit or tank 
farm. Exhibit 15-39 illustrates differential seulement. 


'The foundation of any process facility will eventually 


settle or sink to some extent, depending on the weight 
it carries and the condition of the soil. To determine 
where pipes may be supported safely without impos- 


_ ing excessive stress on equipment nozzles, a civil engi- 
'neer and soils experts must work together to deter- , 


mine how much the foundation is likely to settle. 


Subtracting sleeper settlement (distance B) from tank - 


settlement (distance A) yields.the differential seule- 
ment between the two. By figuring line size, wall thick- 
ness, and allowable stresses, distance C can be estab- 
lished. Differential settlement can also be caused by 
tilting of the tank, by out-of-plane settlement, or by 
dishing of the tank bottom (which is a result of greater 
settlement at the center of the tank than at the edge). 


. * The optimum piping arrangement in a tank farm, as 


elsewhere in a process facility, is the most direct route 
between two points, allowing for normal line expan- 
sion and stresses. Exhibit 15-40 illustrates piping be- 
tween tanks and pumps. Anchor points, or places 
where piping movement is restricted, must be estab- 
lished. Tank nozzles are one such anchor point. The 
second anchor point may be the pump nozzle if line 
growth is permitted through the dike, or it may be 
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anywhere along the piping within the dike or at the 
point of dike penetration. To minimize the potential 
for tank spills, expansion joints should not be used. 

Exhibit 15-41 shows how to accommodate line ex- 
pansion between tank nozzles and a manifold header. 
Expansion loops mav be added at the sleeper level, as 
shown for lines A and B. Expansion mav also be’ al- 
lowed for by running line C directly over the header, 
perpendicular to the portion-of the line causing the 
expansion. 

Exhibit 15-42 illustrates a cross section of piping, 
pumps, dikes, and a primary pipe way that is typical of 
what might be found in a tank farm. Because the pri- 
mary pipe wav is located to the left of the roadway, 
pump-discharge lines across the road must be routed 
to the headers in one of two wavs: by burving them 
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EXHIBIT 15-40 
Alternative Piping 
Layouts 


under the road, making allowances for vehicular loads 
imposed on the pipe, or by placing them over the road 
on a pipe bridge. Client preference should be consid- 
ered in this design. Adeguate access to pumps on the 
side of the pipe way opposite the road must also be 
provided. 

. A bullet-tank piping lavout is shown in Exhibit 15- 
43. Tanks are set at the lowest possible elevation to 
satisfy pump head requirements. A catwalk is located 
atross all four tanks to provide sufficient access to 
operating valves and, instruments. Liquid outlet piping 
to the pumps should allow for differential settlement 
and line flexibility. A fire water spray protection sys- 
tem for bullets is shown in Exhibit 13-36. 

A typical piping arrangement for a high-pressure 
Hortonsphere is shown in Exhibit 15-44. Lavout factors 
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EXHIBIT 15-43 
Bullet-Tank Piping 
Layout 


EXHIBIT 15-44 Hortonsphere Piping Layout 
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for spheres include: 


* Tank in should be kept low but not less than 


ot CT. 525 m) above grade. - f -= 
+ Ideally, each tank should have its own stairway— - 


Exhibit 15-44 shows an gece plane alternative ar- 
rangement. 

* Valves should be installed as de as Pn to a 
nozzles. 


Typical layouts of ace gas tanks in an 
earthen embankment are shown in Exhibits 15-45 and 
15-46. Features of this arrangement include: .- 


* The secondary containment is a steel-lined concrete 
structure. 

* There is heavy cryogenic insulation — the pri- 
mary and secondary containers. 

e The earthen embankment provides an acceptable 
margin of safety in the event of tank failure. 

* Submersible pumps are located at the bottom of the 
pump shaft. 


-© The roof is steel domed. 


* The operations platform, piping, and jib crane are 
supported from the concrete containment wall. 


The stairway on the pipe trestle provides access to 


SI 
m 


EXHIBIT 15-45 
Liquefied Natural Gas 


imum NN Tank Layout 


the operations platform and tank roof. Additional lad- 
' ders are provided from the circular access road 


around the tank to the catwalk. This platform provides 
access to relief valves, vacuum breakers, maintenance 
access openings, and instruments. 

:-If an above-grade, more conventional layout is pre- 


' ferred for liquefied natural gas tanks, a layout similar 


to that shown in Exhibit 15-47 may be used. NPSH 
_ requirements usually necessitate locating the pumps 
in a pit when the tank is above grade. A submersible 
pump and its motor are located within a containment 
vessel and supported on lugs. An adequate clear area 
directly over the pumps must be maintained to allow. 
pump removal for maintenance. Motor-operated * 
header valves are located at grade and made accessi- 
ble by platforms. Individual suction and discharge 
valves are located near the nozzle connections in the 
pit. Safety requires that a water-deluge fire-fighting 
system be included in this layout as well as a sump and 


. “sump pump to remove unwanted water. 


When high-pressure bullet tanks are located close 
to a process unit, a protection berm is often used (see 
Exhibit 15-48). Berm lengthris slightly longer than the 
width of the tank area, and the berm height is roughly 
equal tofthe height of the tanks. These berms offer 
some protection in the event of an explosion. 

Although foam fire-fighting systems are often sup- 
plied by companies specializing in fire protection, a 
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EXHIBIT 15-47 
Above-Grade Liquefied 
Natural Gas Tank Layout 
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EXHIBIT 15-49 Foam Injection into Tanks - 
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basic understanding of such svstems is beneficial to a 
lavout specialist. Exhibit 15-49 shows an arrangement 
in which foam concentrate is pumped with water from - 
a truck to a storage tank. The piping usuallv has quick- . 


connect coupling located outside the dike. The line ís 
routed to the tank wall. A foam maker—which essen- 
tially consists of a pressure gauge, an air strainer, and.a 
check valve—is located in the vertical riser. The foam 
solution enters a foam chamber located at the edge ôf 
the tank roof and then discharges across the top of the 
liquid in the tank. ' 

Another way of injecting foam into a tank is shown 
in Exhibit 15-50. Foam ‘concentrate from a truck or 
tank is supplied to a foam maker located outside the 
dike wall. The foam may be injected into the regular 
product transfer piping or routed directly to the stor- 


Process Plant Layout and Piping Design 


age tank through a permanent line especially for that 
purpose. me 

An-alternative to mobile fire-fighting equipment, 
permanent hydrants and monitors may be used for 
fighting fires in storage tank areas. Local codes and 
regulations as well as the latest issue of NFPA must be 
consulted to establish the appropriate coverage of wa- 
ter for a given layout. Exhibit 15-51 shows how fire 
hydrants and monitors mav be arranged in a tank farm. 
The fire water piping around this area must come 
from two supply sources should any part of the.system 
fail. 

Exhibit 15-52 illustrates an effective overall layout 


- of a process and off-site plot plan. The administration 


area is immediately inside the plant's main entrance, 
as are maintenance and fire-fighting eguipment. Pro- 
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zess units and the utility plant are located in the cen- 
:ral and eastern section of the plot, and allowances for 
Suture expansion are made. Storage tanks are located 


in the western and southern sections of the plot. Truck. 


and rail loading and unloading areas are located to- 


zether in the south and southwest corners of the plot... 


A flare stack, a cooling tower, and treating ponds are in 
:he southeast corner. 

Process units are located as far awav as is practical 
(rom the storage tanks and product-loading areas; Ín 
cold climates, the wind will carrv exhaust gases from 
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the cooling tower, across the storage tanks, and away 


“ si busy process units. 3 
Tank farms can occupy vast areas GE valuable real 
. estate within a process facility. Development of the 


optimum design, considering all applicable codes and 


-regulations, is achieved onlv through close attention 


to safety and economics. Although many solutions to 
layout problems are possible, a mixture of proven 
methods—along with the commonsense lessons of 
trial and error—will produce the optimum design. į 
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